Summary: We studied retrospectively the clinicopathological features of gastric cancer with duodenal invasion and compared these with those with non-invasion, to investigate the prognostic significance of duodenal invasion. The patients were grouped into two groups of Group A (65 patients) with duodenal invasion and Group B (197 patients) without invasion who underwent gastrectomy for advanced distal gastric carcinoma according to histological findings. In Group A, many were at high age and with symptoms of pyloric stenosis. Group A (91%) had a significantly higher incidence of serosal invasion and infiltration into the pancreas head than did Group B (76%) (p<0.01). In N3 metastasis, there was a significant difference between Group A (60%) and Group B (36%) (p< 0.01). The five-year-survival rate in Group A was 14.0% and in Group B was 43.3% (p< 0.001). In cases of duodenal invasion, patients with symptoms of pyloric stenosis demonstrated a poorer prognosis than those without. Those with longer than 20 mm invasion had a significantly higher incidence of N3 metastasis than those with less than 10 mm (p< 0.05). hymphangitic type had longer invasive length to duodenum, and N3 metastasis of the lymphangitic type was frequent comparing to localized type (42%) and invasive type (47%) (p<0.001) (95%) (p< 0.01). These results showed that duodenal invasion was a significant prognostic factor in cases of distal gastric carcinoma. In the therapeutic strategy for advanced gastric carcinoma with duodenal invasion, it is necessary to perform gastrectomy with regional lymph nodes dissection and with combined resection of adjacent organs.
Summary: We studied retrospectively the clinicopathological features of gastric cancer with duodenal invasion and compared these with those with non-invasion, to investigate the prognostic significance of duodenal invasion. The patients were grouped into two groups of Group A (65 patients) with duodenal invasion and Group B (197 patients) without invasion who underwent gastrectomy for advanced distal gastric carcinoma according to histological findings. In Group A, many were at high age and with symptoms of pyloric stenosis. Group A (91%) had a significantly higher incidence of serosal invasion and infiltration into the pancreas head than did Group B (76%) (p<0.01). In N3 metastasis, there was a significant difference between Group A (60%) and Group B (36%) (p< 0.01). The five-year-survival rate in Group A was 14.0% and in Group B was 43.3% (p< 0.001). In cases of duodenal invasion, patients with symptoms of pyloric stenosis demonstrated a poorer prognosis than those without. Those with longer than 20 mm invasion had a significantly higher incidence of N3 metastasis than those with less than 10 mm (p< 0.05). hymphangitic type had longer invasive length to duodenum, and N3 metastasis of the lymphangitic type was frequent comparing to localized type (42%) and invasive type (47%) (p<0.001) (95%) (p< 0.01). These results showed that duodenal invasion was a significant prognostic factor in cases of distal gastric carcinoma. In the therapeutic strategy for advanced gastric carcinoma with duodenal invasion, it is necessary to perform gastrectomy with regional lymph nodes dissection and with combined resection of adjacent organs. (Nishi et al. 1966; Ohara and Ihara, 1983) . However few reports have investigated such cases clinicopathologically in detail (Ishikawa, 1971; Kakeji et al. 1991) . Recently, it has been shown that extended lymph node dissection or combined resection of adjacent organs improved the prognosis (Soga et al. 1988; Boku et al. 1989; Siewert et al. 1993) . However, in case of advanced gastric cancer with duodenal invasion, it is difficult to choose among the operative procedures that include regional lymph node dissection, because the duodenum, pancreatic head, colon, mesocolon and hepatoduodenal ligament are anatomically close to each other. Thus, it is important to diagnose preoperatively whether or not cancerous lesion is invading the duodenum. Tables 1 and 2 .Clinically, Group A showed a significantly higher incidence (45%) of symptoms from pyloric stenosis, such as abdominal distention, nausea and vomiting, than did Group B (9%) (p< 0.00 ). In gross appearance, Group B had a higher incidence of type 2 (localized type) than Group A had (p< 0.01), while Group A included more type 3 and 4 (infiltrative type) (p<0.05).
The histopathological features, clinicopathological factors deciding conclusive stage, and the incidence of curative resection are shown in Table 2 . The tumor size of Group A (9.7±3.9 cm) was larger than that of Group B (6.9±3.0 cm) (p<0.05). There was no statistical difference in histological type between the both groups. Group A (91%) had a significantly higher incidence of serosal invasion and infiltration into the pancreas head than did Group B (76%) (p< 0.01). In particular, 16 cases (25%) with carcinoma infiltrating into pancreas head beyond the gastric wall (si) were found in Group A and 18 cases (9%) were found in Group B (p< 0.01). The incidence of lymph node involvement (n(+)) was 91% in Group A and 73% in Group B (p<0.01). And moreover, Group A (60%) showed a significantly higher incidence of N3 metastasis than did Group B (36%) (p< 0.01). Fig. 2 . The 5-year-survival rate of the patients with no duodenal invasion (n=73) was 41.2% and this was better than that of the patients with duodenal invasion (n=22) (20.7%).
In Group A, the correlation between the presence of symptoms from pyloric stenosis and prognosis was investigated. The correlation between the presence of symptoms from pyloric stenosis and some stage IV factors (gastric wall invasion of si, N3 metastasis, P(+); peritoneal dissemination and H(+); liver metastasis), aw(+), and the incidence of curative resection are shown in Table 3 . Thirteen patients with symptoms of pyloric stenosis (45%) of the 29 patients had a significantly higher incidence of P(+) than patients with no symptoms (p< 0.001). Also there was a statistically significant difference between the two groups in the incidence of si (p< 0.05), in that of aw(+) (p< 0.05) and in that of curative resection (p<0.001).
Three groups classified according to the length of duodenal invasion except cases of aw(+) are shown in Table 4 . The incidence of P(+) and H(+), gastric wall invasion of si, and curative resection were statistically not different, but N3 metastasis was significantly higher in cases with more than 20 mm length of duodenal invasion, compared with those with less than 10 mm length of duodenal invasion (p<0.05). Table 5 shows the correlation between the mode of duodenal invasion and the various stage IV factors. The type of duodenal invasion in order of average length of invasion was lymphangitic type, invasive type and localized type. There was a statistical difference in the length between localized type and invasive type (p<0.05) and between localized type and lymphangitic type (p< 0.01). P(+) cases had a significant difference only between localized type and invasive type (p< 0.05). N3 metastasis had a significant difference between localized type (42%) The correlation between symptoms from pyloric stenosis and some stage IV factors, aw(+) and the incidence of curative resection P (+): peritoneal dissemination; H (+): liver metastasis; si: carcinoma infiltrating into pancreas head beyond the gastric wall; aw (+): cancer positive at the anal margin of the resected tissue 
Discussion
It has been thought for many years that gastric carcinoma almost never crosses the pylorus and invades the duodenum (Castleman, 1936) . Here, Brunner's glands seem to act as a protective barrier. This may be consequence of the lack of communication between the lymphatics of the stomach and those of the duodenum (Castleman, 1936) . However, gastric carcinoma with duodenal invasion has been widely reported, with an incidence in the range of 15-40% (Zinninger and Collins, 1949; Nishi et al. 1966; Ishikawa, 1971; Ohara and Ihara, 1983; Kakeji et al. 1991) . In our series, 5.3% of all patients (1,232 cases) and 24.8% of all advanced gastric cancer of the antrum (262 cases) had duodenal involvement. The incidence of duodenal invasion has varied in large part due to different concepts in the border between the stomach and the duodenum. Basically, it seems to be reasonable to define the beginning of Brunner's glands as the start of the duodenum. Therefore, we assumed simply the border of the duodeno-pyloric junction was the observed position of Brunner's glands. Ohara and Ihara (1983) reported that the pyloric ring was the contact point between two different types of mucosa, but the submucosal and subserosal layers are continuous. Therefore, cancer may invade contiguously through loose submucosal or subserosal tissue. In our study, the layer of the duodenal wall susceptible to invasion was the submucosal in 39
(60.0%) of the 65 patients; involving the proper muscle (21.5%), the subserosa (12.3%) and the mucosa (9.2%) in order, but no invasion was focused in the serosa.
The objectives of this study were to clarify whether or not advanced gastric cancer with duodenal invasion affected the prognosis and to investigate the clinicopathological features which influenced the prognosis.
In Clinical comparison between the duodenal invasion group and the noninvasion group, Group A had many cases of high-age and a significantly higher incidence of cases presenting symptoms of pyrolic stenosis, than did Group B. In gross appearance, Group A had many cases of infiltrative type (type 3 and type 4) ( Table 1) . Therefore, it is important to determine whether or not there is any duodenal invasion in infiltrative type of lower gastric cancer.
In histopathological features, although the distribution of histological type was not significantly different between the two groups, Group A showed a larger tumor size than Group B. Of the four factors regulating the advanced stage, only the incidence of serosal invasion and lymph node metastasis showed a significant difference between the two groups. And also, it was made clear that the most frequent type of gastric cancer with duodenal invasion was infiltrative, advanced with serosal invasion, and with distant metastasis to lymph nodes ( Table 2 ). The results from surgical treatment for a cancer with distant lymph node metastasis is very poor: the 5-year-survival rate of those with n3 metastasis was 9.8%, and of those with n4 metastasis was 0%, after curative resection, in our series (unpublished data). Group A (60%) had a significantly higher incidence of N3 metastasis than did Group B (36%) (p<0.01). The fact that many cases of gastric cancer. with duodenal invasion have N3 or greater metastasis has already been reported (Nishi et al. 1966; Yamada et al. 1989; Wu et al. 1994) . Regarding the anatomical structure, it has been reported that there are few lymphatic connections between the stomach and the duodenum (Ishikawa, 1971) . If cancer cells infiltrate into the duodenum through tissue, the cancer cells would invade through abundant lymphatic flow to metastasize in the lymph nodes in the hepatoduodenal ligament or the around the pancreatic head or around superior mesentric artery. Reports have indicated that the incidence of N3 metastasis was high when the carcinoma invaded the duodenum (Yamada et al. 1989; Kakeji et al. 1991; Wu et al. 1994) . Especially, the incidence of metastasis to the lymph nodes in the hepatoduodenal ligament (No.12) from cancer in the distal onethird of the stomach was significantly higher than that from middle-and upperthird cancers (Yamada et al. 1989; Wu et al. 1994) . The prognosis of patients with duodenal invasion was poor and most patients died within 5 years (Figs 1 and  2) . Maruyama (1987) and Kim et al. (1994) reported that the most powerful prognostic factors in gastric cancer were invasive depth and lymph nodes metastasis. In the present study, duodenal invasion itself might also be a prognostic factor for gastric antral cancer. In agreement with Kakeji's study, reported duodenal invasion was an independent prognostic factor for cancer in the gastric antrum by multivariate analysis (Kakeji et al. 1991) .
To demonstrate the clinicopathological features of gastric cancer with duodenal invasion, we investigated the correlations between the various clinicopathological factors that regulate stage IV and non-curative operation. Patients with symptom of pyloric stenosis had a significantly higher incidence of P(+), gastric wall invasion of si and aw(+), than patients with no such symptoms (Table 3) . When those symptoms are due to advanced gastric cancer, we have °to suspect duodenal invasion and the possibility of aw(+), and consider the exclusion of an operation. It has also been reported that far advanced gastric cancer has only slight indication for therapeutic gastrectomy (Meyer and Pichlmayr, 1987) .
According to the length of duodenal invasion, the incidence of N3 metastasis was significantly higher in cases with 20 mm or longer duodenal invasion than in the cases with duodenal invasion of less than 10 mm (p<0.05) ( Table 4) . Lymph node involvement was significantly highly correlated with the length of duodenal invasion. Yamada et al. (1989) also reported that lymph node metastasis was significantly highly correlated with the length of duodenal invasion, especially in cases of 10 mm or longer, with N3 metastasis (46.2%) being significantly high.
In the mode of duodenal invasion, there are characteristic features; with lymphangitic type having extended duodenal invasion and a high incidence of N3 metastasis and aw(+) ( Table 5) . If the resected margin of the duodenum was decided after considering the type of duodenal invasion, then cases of aw(+) could be decreased. In type 3 or type 4 with duodenal invasion, it is necessary to diagnose the resected margin histopathologically using an intra-operative frozen section. And if a case with 10 mm or longer duodenal invasion is confirmed, then we should consider enblock resection, for example, pancreaticoduodenectomy (PD), because of the high risk for N3 metastasis. We have to select an operative method with regional lymph node dissection, because of the high incidence of N3 or N4 lymph node metastasis in patients with duodenal invasion. Yonemura et al. (1991) noted that the prognosis of N3 cases after PD was higher than that of cases after subtotal gastrectomy. On the other hand, there have been report that N3 metastasis was not an indication for PD, because of the inherent poor prognosis (Nishi et al. 1966) . We consider the indication for PD is not limited to only duodenal or N3 metastasis, but curable cases with invasion over 20 mm in length and invasive or lymphangitic type are also indication for PD. It is suggested that at least 3 cm of the duodenum should be resected for most cases of gastric carcinoma invading the pylorus. If 3 cm of the length from pylorus ring to the duodenum was resected, the resected edge would be tumor free and curability would be sufficient in most cases of duodenal invasion. However, in lymphangitic type this distance should be longer than 3 cm. 
